The genus Stevia (Asteraceae) is widely distributed in the American continent from the south-west United States to central Argentina [1] . This taxon has become relevant since the discovery of the lowcalorie sweeteners isolated from S. rebaudiana [2] . In Mexico, there are at least 70 species from which 27 have been explored up to date. The chemical studies have revealed that it may be possible to delineate taxonomic subdivisions according to their secondary metabolite content. Therefore, a detailed knowledge of the chemical composition of the genus may be useful for a more precise delimitation of its sections. In this context, it has been found that sesquiterpene derivatives are the most typical secondary metabolites produced by Stevia species. The majority of these compounds belong to the longipinane, guaiane, eudesmane and germacrane groups, although a limited number of bisabolenes, eremophilanes and elemanes have also been isolated [1, 3] . The present paper reports an investigation of the chemical constituents of the roots of Stevia nepetifolia, which afforded the new longipinene derivative (4R,5S,7S,8S,9S,10R,11R,2'S,2''S)-(+)-7,8-di-(α-methylbutyryloxy)-9-hydroxylongipin-2-en-1-one (1) (Figure 1 ), together with the known 7-angeloyloxy-8-(α-methylbutyryloxy)-9hydroxylongipin-2-en-1-one (2) [4-7], 7,8diangeloyloxy-9-hydroxylongipin-2-en-1-one (3) [4] [5] [6] [7] , valeranone [8] , 2,3-epoxybisabol-10-en-1-one [9] , γ-cadinene [10] and α-cadinol [11] . This plant also gave β-sitosterol, stigmasterol, 3β-friedelanol, and friedelin [12] . Previous studies of the leaves of S. nepetifolia allowed the isolation of flavonoid glycosides [13] .
Chromatography of the n-hexane extract of the roots of S. nepetifolia yielded the new longipinene derivative 1, whose molecular formula was determined as C 25 H 38 O 6 by ESIHRMS analysis. The 1 H NMR spectrum (Table 1) revealed signals for two α-methylbutyrate ester residues, as evidenced by two sextets (J = 7.3 Hz, since J 2,5 = J 2,3 ) at δ 2.35 and 2.33 for the H-2 atoms and four doublets of quintets (J 2,3 = J 3,4 = 7.3 Hz, J 3a,3b ≈ 15 Hz), two of them at δ 1.73 and 1.70 for the H-3a signals, and the remaining two overlapped at δ 1.47 for the H-3b signals. The two secondary methyl groups were observed at δ 1.17 and 1.15 (2d, J = 7.3 Hz), while the two primary methyl groups were located at δ 0.93 and 0.91 (2t, J = 7.3 Hz). The signals for the protons geminal to the oxygen atoms in the longipinene moiety appeared as a doublet at δ 5.43 (J = 11.4 Hz, H-7), a doublet of doublets at 5.34 (J = 11.4 and 3.0 Hz, H-8) and a doublet at 3.83 (J = 3.0 Hz, H-9). The chemical shifts of these three signals allowed the positional assignment of the two α-methylbutyrate residues to C-7 and C-8.
Mebu Mebu Ang Mebu Ang Ang H H It is relevant to remark that the cyclobutane ring exhibits a fixed geometry in which both H 4 -C 4 -C 5 -H 5 and H 5 -C 5 -C 11 -H 11 dihedral angles are close to 90° ( Figure 2 ), thus providing very small coupling constants between H-4 and H-5 and between H-5 and H-11, but a significant long-range coupling constant ( 4 J = 6.5 Hz) between H-4 and H-11 due to a W-type coupling [14] . In addition, it is important to point out the long-range coupling constants ( 4 J = 1.5 Hz) between H-2 and H-11, due to a W-type coupling through the C-1 carbonyl group, as well as between H-2 and H-4, and between H-2 and Me-15, through the C-2, C-3 double bond ( Figure 2 ). The coupling of H-2 with H-11, H-4 and Me-15 was evident in the 1 H-1 H-COSY experiment. In a similar way, the fixed geometry of the cyclobutane ring allowed the observation of an unusual H→ 13 C long-range coupling involving H-5 and C-14 in the HMBC spectrum, due to the W-type orientation of the H 5 -C 5 -C 4 -C 10 -13 C 14 (or H 5 -C 5 -C 11 -C 10 -13 C 14 ) fragment. The remaining 1 H and 13 C NMR signals (Table 1) were assigned from 2D data, including COSY, HMQC and HMBC experiments, thus confirming the structure for 1. The chemical shifts and multiplicities were in agreement with NMR data found in related longipinene derivatives [4] [5] [6] . The optical activity of compound 1 was dextrorotatory at the sodium D-line, showing [α] 589 = +50º. This value is within the expected range for natural (+)-longipin-2-en-1-one derivatives of known absolute configuration [5] [6] [7] . In order to determine the absolute configuration of the α-methylbutyrate ester residues, esterification of (4R,5S,7S,8S,9S,10R, 11R)-(+)-7,8,9-trihydroxylongipin-2-en-1-one (4) [15] with commercial (S)-(+)-α-methylbutyric acid was carried out in CH 2 Cl 2 using dicyclohexylcarbodiimide and 4-N,N-dimethylaminopyridine to afford diester 1 as the main product. Upon comparison of the natural and semi-synthetic samples of 1, both showed identical physical and spectral properties, including optical activity values. In consequence, the stereochemistry of the α-methylbutyrate moieties in natural compound 1 can be established as S.
The esterification selectivity towards C-7 and C-8 over C-9 can be explained in terms of the orientation of the hydroxyl groups attached to the sevenmembered ring in 7,8,9-trihydroxylongipin-2-en-1one (4) . As shown in the density functional theory molecular model of this substance (Figure 3 ), the hydroxyl groups at C-7 and C-8 remain in a pseudoequatorial orientation, while the hydroxyl group at C-9 is axially oriented.
The S-configuration of the α-methylbutyric residue in 1 is in agreement with that of two longipinene diesters previously isolated from Stevia serrata and S. pilosa [16] . These stereochemical findings can be helpful to delineate biogenetic trends for the ester residues attached to the secondary metabolites of the genus Stevia. Molecular modelling of longipinene 1 showed the fixed geometry of the fused four-and six-membered rings, evidenced the preferred conformation of the seven-membered ring, and showed the flexibility of the short chain ester moieties. Recently, a comparable approach was carried out for a longipinene derivative bearing the ester groups at C-7 and C-9 instead of C-7 and C-8 [14] . The wide rotameric possibilities of both (S)-α-methylbutyryl residues and inversion of the seven-membered ring generate a series of lowenergy conformers comprising 61 local minima in the relative range between 0-5 kcal mol -1 . A selection of 28 ester chain rotamers, within the relative energy range of 0-2 kcal mol -1 , is depicted in Figure 4 . The species are grouped in two conformational families according to the seven-membered ring geometry. In group A, the seven-membered ring adopts a twist-chair conformation with C-8 pointing towards C-4, the ester groups at C-7 and C-8 in a pseudo-equatorial orientation, and the hydroxyl group at C-9 in a pseudo-axial orientation, while in group B, the seven-membered ring also adopts a twist chair conformation, but with C-8 pointing towards C-11, the ester moieties at C-7 and C-8 in a pseudoaxial orientation and the hydroxyl group at C-9 in a pseudo-equatorial orientation. Table 2 summarizes the molecular mechanics relative energy, the Boltzmann population, and the assigned group for each conformer of 7,8,9-trihydroxylongipin-2-en-1-one diester (1) . The global minimum, which belongs to group A, was optimized by density functional theory calculations at the B3LYP/6-31G* level of theory. The molecular geometry was similar to that obtained by molecular mechanics. The A B The MMFF energy value for the global minimum corresponds to E MMFF = 71.998 kcal mol -1 . b According to the seven-membered ring conformation as shown in Figure 4 .
perspective view of this structure, located at E DFT = -1426.883555 hartrees, is shown in Figure 2 , while the corresponding electrostatic potential surface map is depicted in Figure 5 . 
Extraction and isolation:
Air-dried powdered roots (1.5 kg) were extracted with n-hexane under reflux for 6 h (×3). Filtration and evaporation of the extract afforded a yellow viscous oil (42 g), which was dissolved in MeOH at 50 °C, kept at 0 °C for 12 h and filtered to remove fatty materials. The filtrate was evaporated under vacuum and a portion of the pale yellow oily residue (2.65 g) was chromatographed over silica gel (120 g). Fractions of 20 mL were collected using n-hexane (500 mL), mixtures of n-hexane-EtOAc (99:1, 340 mL), n-hexane-EtOAc (9:1, 440 mL), n-hexane-EtOAc (1:1, 840 mL) and EtOAc (200 mL) as eluents. The following combined fractions were obtained: A (eluates 1-13), B (14-16), C (17) (18) (19) (20) (21) (22) , D (23-34), E (35-42), F (43-57), G (58-68) and H (69-116), which were monitored by TLC. Fatty materials were obtained from fractions C and D, while β-sitosterol and stigmasterol were isolated from fractions E and F, respectively. Low pressure liquid chromatography (Chromazone system) of fraction A, using n-hexane-EtOAc (19:1) as eluent, and collecting fractions of 10 mL, allowed separation of γ-cadinene (93 mg) from eluates 7-11. Further column chromatography of the eluates 12-19 from the last chromatographic separation, using n-hexane-EtOAc (97:3), gave (-)-valeranone (18 mg) and (+)-2,3-epoxybisabol-10en-1-one (8.5 mg), whereas rechromatography employing n-hexane-EtOAc (97:3) of eluates 20-33 afforded α-cadinol (20 mg), which was also obtained from rechromatography of fraction B, using n-hexane-EtOAc (97:3). Fraction G (1.07 g) was rechromatographed over silica gel (85 g) on a column using n-hexane-EtOAc (99:1, 500 mL), and n-hexane-EtOAc (19:1, 2 L) and collecting 25 fractions of 100 mL. From fractions 3 and 4, 3β-friedelanol (18 mg) and friedelin (74 mg) were isolated, respectively. A mixture of longipinene derivatives 1-3 (42 mg) was obtained from fractions 15-17, which was purified by TLC, using n-hexane-EtOAc (7:3), to give 2 (2 mg), 3 (6 mg) and 1 (5 mg).
( 4R,5S,7S,8S,9S,10R,11R,2'S,2''S)-(+)-7,8-Di-(αmethylbutyryloxy) 5S,7S,8S,9S,10R,11R)-(+)-7,8,9 -Trihydroxylongipin-2-en-1-one (4): Chromatographic separation of the n-hexane extracts of the roots of S. pilosa gave a mixture of longipinene derivatives [16] . The mixture was dissolved in MeOH, treated with KOH in H 2 O at room temperature and extracted with EtOAc. The organic layer was evaporated to dryness and the residue was purified by chromatography on a 3.5 × 15 cm silica gel column (84 g), eluting with n-hexane-EtOAc (1:1) at a flow rate of 48 mL/min (5 cm/min) and collecting fractions of 20 mL. Compound 4 (5.25% overall yield from the extract) was obtained from fractions 84-100. The physical and spectral data were identical to those reported [15] . (4R,5S,7S,8S,9S,10R,11R)-7,8,9- 
Esterification of

trihydroxylongipin-2-en-1-one with (S)-(+)-αmethylbutyric acid:
A solution of 4 (200 mg) in CH 2 Cl 2 (10 mL) was treated with dicyclohexylcarbodiimide (387 mg), 4-N,Ndimethylaminopyridine (4 mg) and (S)-(+)-αmethylbutyric acid (77 mg) and stored for 2 h at room temperature. The reaction mixture was filtered and evaporated, and the residue was subjected to flash chromatography eluting with n-hexane-EtOAc (2:1), from which fractions 11-42 afforded pure 1 (156 mg, 48%), identical to the natural sample of 1.
Molecular modelling:
Molecular mechanics were carried out with the Merck molecular force field calculations (MMFF94), as implemented in the Spartan'04 program (Wavefunction, Inc., Irvine, California). The conformational distributions of 1 were accomplished by means of Monte Carlo random searching [17] . Further geometry optimization and the electrostatic potential surface map were carried out with the density functional theory at the B3LYP/6-31G* level of theory using the Spartan'04 routines.
